A facile Selectfluor-mediated oxidative method for direct introduction of SCN and SeCN groups into diversely substituted indoles and carbazoles is described, by employing readily available thiocyanate and selenocyanate salts, and the scope of the method is underscored by providing 24 examples. The feasibility to sequentially introduce SCN followed by SeCN on a carbazole framework and to synthesize the corresponding S-tetrazole and Se-tetrazole derivatives is also demonstrated.
Introduction
Selectfluor,1-chloromethyl-4-fluoro-1,4-diazoniabicyclo-[2.2.2]octane bis(tetrafluoroborate), also known as F-TEDA-BF 4 ) is a safe, bench stable, nontoxic, and highly reactive onium dication salt that delivers an equivalent of electrophilic or radical fluorine [1, 2] . For that reason, it is widely used in the synthesis of organofluorine compounds [3] [4] [5] [6] [7] [8] , but it also serves as a versatile catalyst and mediator in transformations involving oxidizable functional groups [9] [10] [11] [12] [13] .
Aryl thio-and selenocyanates are versatile intermediates for various sulfur-and selenium-containing compounds that are of synthetic and biological interest [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Aryl thiocyanates are widely employed as building blocks in the synthesis of diverse sulfides [27, 28] , thiocarbamates [29] , thionitriles [30] , sulfonic acids [31] , sulfonyl chlorides [32] , thioesters [33] , and sulfonyl cyanides [31] and mainly in the synthesis and functionalization of heterocyclic compounds [25, 26, [34] [35] [36] [37] [38] [39] [40] . Particularly, selenium-containing organic compounds have recently attracted the interest of the scientific community due to their promising chemopreventive properties in connection with cancer therapy [32, [41] [42] [43] [44] , and also as antioxidant agents [45, 46] .
Owing to the aforementioned chemical versatility and biological activity, functional organic compounds bearing the thiocyanato and selenocyanate derivatives are highly sought after, and over the years a number of strategies and reagents have been utilized to enable the direct introduction of SCN and SeCN moieties into organic motifs. In particular, direct oxidative thiocyanation of C-H bonds have been achieved by using thiocyanate salts in the presence of oxidizing agents such as Mn(OAc) 3 [15] , NCS [47] , CAN [48] , hypervalent iodine reagents [49] , DDQ [50] , oxone [51] , oxygen [52] , DEAD [53] , and TBHP [22] . In comparison, direct selenocyanation approaches have not been reported under similar oxidative conditions [20] [21] [22] [23] [24] [25] [26] . Therefore, developing new and broad-based protocols for direct introduction of SCN and SeCN moieties into organic structures, in particular those motifs that are important for medicinal chemistry as building blocks of pharmaceuticals, continues to be relevant.
In a limited study in 2008, Yadav et al. [54] provided examples of arene thiocyanation by using Selectfluor, but a broader investigation to determine tolerance to a wider range of substituents and to gauge efficacy in selenocyanation remained unexplored.
In connection with previous studies from our laboratory on the use of Selectfluor as a versatile mediator for generation of incipient electrophiles through oxidation [55, 56] , we report here a mild and efficient Selectfluor-mediated direct thio-and selenocyanation of C-H bonds (Scheme 1), focusing
Results and Discussion
Following an initial feasibility study with 2-methylfuran 1 and 2-methylindole 3a (entries 1 and 2, Table 1 ), we focused on the indole derivatives bearing electron-withdrawing substituents, in particular HCO, F, Br, NO 2 , and CN groups.
In relation to other studies in our laboratory on the synthesis of heterocyclic curcuminoids and their antitumor properties [57] , we were especially interested in the indole backbone bearing isomeric formyl substituents. Fortunately, both thio-and selenocyanation of the isomeric indolecarboxaldehydes 3b-c proved successful with the formyl group remaining intact (entries 3-5, Table 1 ). All other aforementioned substituents were tolerated and the corresponding SCN and SeCN derivatives were isolated in yields ranging from 96% to 57% (Table 1) .
In the next phase of the study, we focused on the carbazole motif 6 (Table 2) . Thus, parent carbazole 6a and its Nisopropyl derivative 6b reacted to furnish the corresponding 3-SCN and 3-SeCN derivatives (7-8)a and (7-8)b, respectively, in yields ranging from 87% to 75%. In other studies, the isolated carbazole-SCN derivatives 7a and 7b were successfully selenocyanated to produce the SCN/SeCN disubstituted derivatives 9 and 10, respectively (entries 23-24, Table 2 ). However, when this transformation was performed in the reverse order by subjecting the carbazole-SeCN derivatives 8a and 8b to thiocyanation conditions the corresponding seleno/thio-bis-adducts 9 and 10 could not be obtained. This is likely due to ease of oxidation of carbazole-SeCN derivative which could prevent further SCN introduction.
77 Se NMR of the indole-SeCN derivatives fall in a relatively close range irrespective of the nature of the substituents ( 149-162 ppm).
Remarkably though
77 Se chemical shifts for the carbazoleSeCN compounds 8a and 8b and the disubstituted derivatives 9 and 10 are significantly different ( 313-317 ppm) (see experimental section and SI file available here).
Finally, by employing the chemistry we reported previously for the synthesis of tetrazoles using Cu-Zn alloy nanopowder [58] , in an exploratory study we subjected the carbazole-SCN 7b and carbazole-SeCN 8b derivatives to the reaction conditions shown in Scheme 2 and successfully obtained the first examples of thio-and selenotetrazoles (11b and 12b, respectively), on a carbazole motif 6. Observation of line broadening at room temperature in the proton NMR spectra of the corresponding tetrazoles 11-12 (SI file) is indicative of a rapid 2H-to 1H-tetrazole tautomerization.
Conclusions
In summary, a practical and easy to perform method for oxidative thio-and selenocyanation of diversely substituted indoles 3 as well as carbazoles 6 employing Selectfluor is presented. The feasibility to sequentially introduce the SCN followed by SeCN on a carbazole motif 6 is also demonstrated, and first examples of carbazole-S-tetrazole and carbazole-Setetrazole derivatives (11b and 12b, respectively) are provided.
Experimental
. . General Experimental Information. The reagents employed were high-purity commercial samples and were used without further purification. Column chromatography was performed on silica gel (32-63 particle size). Melting points were measured with a MEL-TEMP apparatus and are uncorrected. Multinuclear NMR spectra ( 1 H, 13 C, 19 F, and 77 Se) were recorded on a Varian INOVA 500 instrument.
19 F and 77 Se NMR spectra were externally referenced (relative to CFCl 3 and Me 2 Se) as set by the instrument and verified by comparison with known reference samples. Some 1 H and 13 C NMR spectra were recorded on a Bruker Avance 400 instrument. HRMS analyses were performed on a Finnigan Quantum ultra-AM in electrospray mode using methanol as solvent. Other HRMS spectra were recorded on a Waters Micromass AutoSpec-Ultima spectrometer (equipped with a direct inlet probe) operating at 70 eV. Additional mass spectra were run on a Shimadzu-GCMS 2010-DI-2010 spectrometer (equipped with a direct inlet probe) operating at 70 eV.
. . General Procedure for the iocyanate and Selenocyanate
Products , , , and -. For a solution of ammonium thiocyanate (107 mg, 1.5 equiv.) or potassium selenocyanate (203 mg, 1.5 equiv.) and Selectfluor5 (500 mg, 1.5 equiv.) in MeCN (10 mL), the appropriated substrate 1, 3, 6, 7a, or 7b
Heteroatom Chemistry 3 (1 equiv.) was added and the mixture was stirred at room temperature under inert atmosphere for 2h. After completion (monitored by TLC), the reaction mixture was concentrated under reduced pressure, and water was added. The aqueous solution was extracted with ethyl acetate, and the combined organic extracts were dried with anhydrous Na 2 SO 4 . After removal of the solvent, the crude products were purified by column chromatography using hexane: ethyl acetate (7:3) as eluent. 
. . . -Methyl--thiocyanatofuran (

. . . -Benzyl--nitro--selenocyanato-H-indole ( i)
.
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